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IN T R O D U C T IO N
In recent years there has been a growing concern about the rapidly 
deteriorating environment in the urban areas of this country in terms 
of air, water, and noise pollution. Automobile transportation has been 
found to be a significant factor in the deterioration of the urban 
environment, particularly in regard to air pollution. In general, con­
sidering the total tonnage of pollutants in urban areas, about 60 
percent is attributed to motor vehicles. In the last several years 
measures have been taken by the federal, state, and local governments 
to curb air pollution. The Clean Air Act of 1970 authorized the 
federal government to promulgate air quality standards and to require 
states to adopt implementation plans in meeting these standards. As 
automobile transportation is closely associated with the problem of 
urban air pollution, a major part of the strategies for the improvement 
of air quality is related to this source of pollution.
A  great effort has been made to reduce pollution emitted by the 
automobile by requiring new automobiles to be fitted with air pollution 
control devices. In addition, a significant part of air pollution control 
strategy can be achieved through effective traffic engineering measures. 
Consequently, it is important that a traffic engineering decision be 
made not only on the basis of cost savings, increased safety, and im­
proved traffic performance, but also on such aspects as reduced energy 
requirements and improved quality of environment. In this paper a 
brief discussion is presented on the overall considerations of air pollu­
tion as they relate to traffic planning and engineering.
TYPES A N D  EFFECTS OF A IR  P O L L U T IO N
Air pollution associated with automobile transportation consists 
mainly of carbon monoxide, nitrogen oxides, hydrocarbons, lead corn-
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pounds, suspended particulates and some sulphur oxides. The proportion 
of each of these pollutants is presented in Table 1.
T A B LE  1










Carbon monoxide is an odorless, colorless gas which is readily 
absorbed into the bloodstream forming a carboxyhemoglobin complex 
and ultimately acts as a chemical asphyxiant to the human body. 
Inorganic lead can be ingested into the lung via suspended particles 
since lead particulate matter is of the order of 2.0/x in diameter. 
Inorganic lead can damage the liver, kidneys, gatstrointestinal tract, 
brain, and cause abnormalities in fertility and pregnancy. Fortunately, 
most of the lead that is absorbed into the human body is excreted in 
the urine.
Sulphur dioxide causes surface damage to the upper respiratory 
tract and reduces gas transfer in the alveolar sac region.
The oxidants resulting from the reaction of hydrocarbons with 
nitrogen oxides cause many adverse effects including damaging crops 
and plants, and irritating eyes, throat, and lungs.
The total suspended particulates are the pollutants that soil: 
people, clothes, cars, homes, offices, and stores.
A IR  P O L L U T IO N  C O N T R O L  S T R A T E G Y
Table 2 lists automobile-related air pollution sources along with 
the percentage of each of the pollutants that are attributed to these 
sources. It should be noted that these figures present information for 
those vehicles which are not fitted with any pollution control devices. 
As it can be seen, automobile exhaust is responsible for most of the 
air pollutants emitted from an automobile. Accordingly, the new auto­
mobiles have been required to be fitted with pollution control devices 
to reduce the pollution level at the source,
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T A B L E  2
A U T O M O B IL E  A N D  A IR  P O L L U T IO N  
Fuel Tank and
Carburetor Evaporation — 20 percent of hydrocarbons 
Crankcase — 20 percent of hydrocarbons
Exhaust — 100 percent of Carbon Monoxide
100 percent of Nitrogen Oxides 
100 percent of lead compounds 
60 percent of hydrocarbons
Source: Reference 2
However, some of the control measures have proved to be counter­
productive in the sense that although they have reduced some of the 
pollutants, they have, at the same time, caused an increase in other 
pollutants and in addition created public health hazards. One example 
of such a control measure is the requirement to install catalytic con­
verters. Furthermore, it should be pointed out that air pollution 
control devices have significantly affected the energy efficiency of 
automobiles.
W ith the growing concern about the energy situation, it becomes 
imperative that a desirable air pollution control strategy should be 
one which would reduce the level of pollution without seriously af­
fecting the energy efficiency of automobiles. It is not a question of 
only clean air or only high gasoline mileage, but the objective is to 
achieve both in a “ satisficing” manner. In this connection it is also 
important to recognize that the cost per automobile increases very 
sharply if auto emission control at a level higher than 80 percent is 
desired. This situation is illustrated in Figure 1.
Under circumstances where the effective control of automobile air 
pollution immediately at the source is not technologically or econom­
ically feasible, the emphasis should be placed on an improved traffic 
management program or better traffic planning and design. This will 
also include control of land use so that the indirect sources that attract 
automobile traffic in large numbers, and contribute to the degradation 
of the air quality of an area, can be regulated. The Environmental 
Protection Agency recognizes the importance of traffic management 
programs as well as the necessity of controlling indirect sources as a 
part of the solution of the urban air pollution problem, and in ac­
cordance with the Clean Air Act, measures have been or are being 
taken to accomplish this objective. Before the measures related to traffic 
planning and design are discussed, a brief review of the air pollution
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Fig. 1. Cost Effectiveness of Vehicle Emissions Control Programs.
Source— Reference 3.
characteristics of a traffic stream is presented in the following para­
graphs.
T R A F F IC  C H A R A C TE R ISTIC S A N D  LEVEL O F A IR  PO L­
L U T IO N
The level of air pollution in an area due to the automobile and 
its cumulative effects is dependent upon various factors including the 
land use and background concentration of pollutants; the type of 
street network alignment; the location, height, and arrangement of 
buildings in relation to the street network; the wind speed and di­
rection ; the weather and climate, and others. As far as the traffic factors 
are concerned, the volume, speed, the vehicle mix in the traffic stream, 
as well as the type of vehicle operation are the important elements. The 
amount of pollutants at a given speed of traffic stream increases in 
direct proportion to the volume. The carbon monoxide concentrations 
near an urban arterial at various levels of volume-capacity ratio are 
shown in Figure 2. It can be seen that the level of carbon monoxide 
concentration increases as the traffic level of service decreases.
The emission from automobile exhaust varies with speed. The 
exhaust emission values for an average speed of approximately 19.6 
mph are presented in Table 3. These values can be adjusted for 
different average speeds of traffic by using Figure 3. The emission 


































































Fig. 2. Volume/Capacity Ratio Versus CO Concentration Five Meters 
From an Arterial Traffic Lane. Source— Reference 3.
sulfur oxides are shown as average values and they can be considered 
independent of speed. Again, considering the type of vehicle operation, 
the carbon monoxide emission during the period of idling of an auto­
mobile is considerably higher than at any other operational modes.
Figure 4 shows the variations in emissions during different modes of 
operation as a vehicle travels from one stoplight to another. It can be 
seen that the carbon monoxide emission level is by far the highest during 
the idling time. This indicates that the level of carbon monoxide 
emission is at its worst in a stop-and-go situation. Consequently, an 
effective traffic management program would attempt to minimize the 
need for such vehicle operations.
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Fig. 3. Average Speed Correction Factors for All Model Years. Source
— Reference 5.
EM ISSIONS F R O M  PA R K IN G  FA C ILITIE S
One feature of a complete air quality maintenance plan would 
involve the determination of whether or not a large, indirect source of 
pollution would adversely affect the ambient air quality standards. A  
parking facility is an indirect source attracting mobile vehicle sources, 
thereby resulting in high levels of localized emissions. As a parking 
facility is an important part of a traffic system, it is necessary that the 
pollution characteristics of these facilities are examined.
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Fig. 4. Relative Emissions of Carbon Monoxide During Vehicle Opera­
tion. Source— Reference 6.
The emissions from parking facilities will depend upon the fol­
lowing three sources: a) line source which includes the traffic flow 
on streets in the immediate vicinity, b) area source which involves 
emissions arising from overall activity within a facility, and c) back­
ground concentration. Highest concentrations of carbon monoxide occur 
near exit/entrance gates of a parking lot, at nearby intersection ap­
proaches, or in the vicinity of access roads. In a metropolitan area the 
air quality of a parking lot is highly influenced by the background 
concentration. In many cases, the background pollutants in such areas 
dominate the parking lot pollution level irrespective of the extent of 
traffic activity within the lot.
T R A F F IC  P L A N N IN G  A N D  C O N T R O L  STRATEG IES
Both long-range and short-term programs can be undertaken to 
improve significantly the air quality in urban areas. Long-range plan­
ning actions involving proper arrangement of land uses will ensure 
desirable allocation of urban activities. Within the framework of area­
wide land-use planning, effective measures can be taken in laying out 
streets and buildings properly so that the air pollution effects can be 
minimized. Long-range, land-use-transportation planning will also make
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it possible to develop transportation systems in which the amount of 
vehicular travel as well as the lengths of trips can be reduced con­
siderably and thus limit air pollution effects.
In addition to long-range programs, which can be applied only in 
case of new developments, several short-term and intermediate-range 
traffic engineering related actions can be undertaken in existing urban 
areas in order to improve the air quality. These actions can be divided 
into two broad groups. One group of actions involves the measures 
which would improve the quality of traffic flow in an urban street 
networks. The other group of actions is associated with the measures 
which would attempt to reduce the amount of vehicular traffic in 
urban areas.
TE C H N IQ U E S FO R IM P R O V IN G  T R A F F IC  F L O W
In Figure 4, it is shown that the carbon monoxide emission during 
idling is relatively very high. Consequently, the emission in a stop-and-go 
operation is significantly higher than that in a uniform and smooth 
flow situation. A  great reduction in carbon monoxide level in the air 
of urban areas can be achieved if the flow of traffic in street networks 
can be made more smooth without excessive delay and congestion. It 
is obvious that a primary objective of a traffic engineer coincides with 
this purpose. Therefore, the techniques that can be used to improve air 
quality are not different from the techniques that are required to 
ensure efficient traffic movement in an urban area.
Some of these techniques are listed in Table 4. The expected 
effectiveness of each of these techniques is also presented in the same 
table, according to a range of one to five with five representing the 
most effective action. The effectiveness rating is based on traffic volume 
affected, pollution reduction, population exposed to the pollution haz­
ards, and any adverse pollution impact, such as more or longer trips 
likely to be induced, or likely to cause traffic congestion.
TE C H N IQ U E S FO R  R E D U C IN G  T R A F F IC  IN A N E T W O R K
In addition to the actions directed to improving the quality of 
traffic flow in a network and thus improving the areawide air quality, 
several actions can be undertaken to reduce the amount of traffic in an 
urban street network. In Table 5 is listed a series of actions that can 
be performed in order to reduce traffic flow and thus minimize the 
effect of traffic-generated emissions. These actions are again ranked 
in terms of their expected effectiveness in the same way as the rankings 
of the measures related to the improvement of traffic flow were derived.
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T A B LE  4
TE C H N IQ U E S FO R  IM P R O V IN G  T R A F F IC  F L O W
Probable
Action Effectiveness
A. F R E E W A Y  O P E R A TIO N S
1. Reverse Lane Operations 3
2. Driver Advisory Displays 1
3. Ramp Control 2
B. A R T E R IA L  O PE R A TIO N S
1. Widening Intersections 3
2. Parking Restrictions 2
3. Signal Progression 2
4. Reversible Lanes 3
5. Reversible One-Way Streets 3
6. Helicopter Reports 2
C. D O W N T O W N  D IS T R IB U T IO N
1. Traffic Responsive Control 5
2. One-Way Street Operations 3
3. Loading Regulations 3
4. Pedestrian Control 1
5. TO PIC S 5
Source: Reference 7
It may be noted that, in general, the actions which are associated with 
effective regulation are more likely to accomplish the desired results 
than the changes in urban transportation pricing policy or other 
measures. It is also important to note that the mere improvement of 
urban transit operations will not produce any significant effect in the 
reduction of vehicular traffic in urban areas and thus these actions are 
not ranked as high as the other measures.
BENEFITS O F A  T R A F F IC  M A N A G E M E N T  PR O G R A M  
The effective implementation of a traffic management program can 
be of significant benefit in terms of improved traffic flow and reduced 
air pollution from automotive emissions. In Table 6 is presented an 
example of a traffic management scheme that was undertaken in the 
British county borough of Gateshead. It can be noted that the improve­
ment in traffic operations resulted in an increase in the total vehicle- 
miles of travel, but at the same time the total vehicle-hours were 
decreased indicating increased speed, less delay and congestion, and 
thus reduced emission of pollutants.
169
T A B LE  5 TE C H N IQ U E S FO R  R E D U C IN G  T R A F F IC  




A. T R A N S IT  O P E R A TIO N S
1. Bus Lanes on City Streets 1
2. Bus Lanes on Freeways 1
3. One-Way Streets with Tw o-W ay Buses 1
4. Park-Ride, Kiss-Ride 3
5. Service Improvements, Cost Reductions 2
B. R E G U L A T IO N
1. Parking Bans 4
2. Auto-Free Zones 4
3. Gasoline Rationing 5
4. Idling Restrictions 2
5. Staggered W ork Hours 3
6. Four-Day-Forty-Hour Week 2
C. P R IC IN G  PO LIC Y
1. Parking Policy 2
2. Road User Tax 5
3. Gasoline Tax 5
4. Tax on Engine Size 2
5. Car Pool Incentives 2
Source: Reference 7
In recent years attempts have been made to restrict automobile 
travel in certain parts of various cities. Table 7 presents the changes 
observed in carbon monoxide levels for before and after periods in 
the restricted areas. It is needless to say that the actual effect of any 
action will vary from city to city depending on the particular situation 
of that city.
CO N CLU SIO N S
The objectives of improved air quality and improved level of traffic 
service in urban areas are not mutually exclusive; the same set of actions 
can be taken to accomplish both goals. The quality of urban air can 
be improved significantly through effective traffic management programs 
which would minimize traffic congestion and delay in a street network 
and thus reduce stop-and-go operation which is responsible for a large 
part of vehicle emissions.
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TA B LE  6 BENEFITS OF T R A F F IC  M A N A G E M E N T  




Before After % Change
Cordon
Total Vehicle Hours Within
78,325 82,080 +  5
Cordon
Vehicle Miles Traveled
9,250 7,166 — 23
Within Cordon 
Average Speed Per Vehicle
109,900 123,700 +  13
Within Cordon 11.9 16.3 + 3 7
Pedestrian Accidents 37 30 — 19
Vehicle Accidents 
Carbon Monoxide Emissions
27 21 — 22
(Million grams) 
Hydrocarbon Emissions
24.7 21.5 — 13
(Million grams) 
Source: Reference 7
3.72 3.44 — 08
Research into the potential energy savings and ensuing pollution 
reduction that would result from various traffic management schemes 
is currently under way at Purdue University.
In addition, measures can be taken to plan, design, and locate 
indirect sources, such as parking structures, which attract a significant 
amount of traffic volume and can create a high concentration of 
pollutants.
Furthermore, several actions can be taken to induce less usage of 
the automobile through effective traffic regulation, efficient pricing 
policy, and improved public transportation service.
Long-range actions related to areawide population and employment 
distribution as well as careful planning of building arrangements and 
street layout will add to the overall reduction of the adverse effects of 
automobile-related air pollution in urban areas.
A C K N O W L E D G M E N T
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